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ABSTRACT
Noise is one of the largest problems facing modern societies 
and industrialised nations and Legislation has been drawn-up and 
put into effect in most countries. Many criteria have also been 
set up as guidelines on hearing conservation. However, if one 
looks closely at this legislation and the many recommendations, 
there will be no doubt that much more work is needed before a 
positive criterion can be formulated, as most of the existing 
theories are either arbitrary or hypothetical.
This work investigates the accuracy of the existing theories 
by surveying the noise characteristics of an industrial plant and 
checking the hearing loss of many employees of this plant to find 
particular trends such as hearing loss versus noise frequency, 
type of noise, noise level, race or nationality and age. New 
recommendations regarding the noise problem are also proposed.
It will become evident that noise is definitely subjective, 
that the race of a person has no bearing on the results and that 
continuous noise seems to be less harmful than impact noise 
regardless of its frequency. Also the older a person is the more 
adverse the effects of noise are. Finally, it would appear that 
the current Legislation and criteria are rather cautious and 
conservative. It is considered that a revision is imminent 





Industrial noise is one of the main dilemmas of the 20th 
Century. Pressure is growing from Unions and Environmentalists 
to reduce noise to the maximum possible. Some people object to 
such groups, but scientific evidence has proven beyond any doubt 
that exposure to excessive noise may have adverse effects on 
people in more ways than one. Governments have no choice but to 
rush legislation through to control the problem to a certain 
extent. It should be emphasized here that, to date, no one can 
lay down rules and regulations which can be claimed as accurate 
and also based on absolute evidence. The basic reason for this 
is that much more research is needed before such conclusions can 
be reached.
As pointed out earlier, the aim of this work is to examine 
the accuracy of current guidelines and legislation to see how 
much they really apply to real life problems.
The damage which may result to the ears because of exposure 
to noise and the various guidelines and proposed legislation of 
the State of N.S.W. are outlined in order that the aim of this 
work can be clearly seen.
Short periods of exposure to excessive noise levels produce 
varying degrees of inner ear damage which is initially 
reversible. This auditory fatigue is known as "Temporary 
Threshold Shift" (TTS). As its name implies, this type of
2.
exposure produces an elevation of the hearing threshold which is 
progressively reduced with time after leaving the excessively 
noisy environment.
The time taken to recover from the temporary threshold 
shift may be anything from a few minutes to a few days 
depending upon the degree of exposure. Permanent damage, known 
as ’’Noise Induced Hearing Loss", occurs when exposure to excessive 
noise continues over a long period of time. The full relation­
ship between temporary threshold shift and noise induced hearing 
loss is not fully understood. It is possible for a person with 
noise induced hearing loss to be affected by temporary threshold 
shift due to exposure to noise but the degree of temporary 
threshold shift is reduced by the extent of the noise induced 
hearing loss. Permanent noise induced hearing loss occurs because 
the nerve hairs in the cochlea become damaged and eventually die.
Both temporary and permanent noise induced hearing loss are 
frequency dependent. The greatest hearing loss generally occurs 
at frequencies approximately % - 1 octave higher than the 
frequency of the noise source. It has been noticed that early 
signs of hearing loss are generally around the 4000 Hz octave 
band. That has been explained ^  by the fact that a lot of 
industrial noise occurs at frequencies of 1500 Hz - 3500 Hz.
This claim is investigated in this thesis. The hearing loss 
increases along with losses in lower octave bands if noise 
exposure is prolonged.
3.
Finally it should be noted that both the level of threshold and 
the hearing loss are two factors which vary from one person to 
the other because of the variation in the susceptibility of 
individual ears.
Noise is very subjective and the degree of annoyance is not 
necessarily related to the intensity of sound although quite 
often it is. No adequate measures of the annoyance levels have 
yet been devised. Many aspects have been investigated, but the 
psychological difficulties in making these investigations are 
very great. The annoyance level of a noise is sometimes assumed 
to be related directly to the loudness level of the noise. Many 
experiments have been made oh judged loudness of various sounds. 
A comprehensive review of such experiments was carried out by 
Stevens ^  1972 which showed a remarkable similarity of the 
results. Another step in the direction of rating the loudness 
of a sound has been to determine the sound-pressure levels of 
simple tones of various frequencies which sound just as loud, to
an observer, as a 1000 Hz tone of a given sound-pressure level.
(2)Robinson and Dadson carried out this investigation based on 
the averages of many observations. This has led to the equal 
loudness contours shown in Figure 1.1, 1.JLA and 1.1B.
4
FIGURE 1.1 Equal loudness contours
' after Robinson and Dadson.
5
I.S.O. Recommendation R. 226
Normal equal loudness contours for pure tones and normal threshold 
of hearing under free-field listening conditions.
This recommendation contains a chart of equal loudness contours from
Fig. 2. Normal equal loudness contours for pure tones. They can bo applied when: 
•I The source of sound is directly ahead of the listener;
b) The sound reaches the listener in the form  of a free progressive plane wav«;
c) The sound pressure level is measured in the absence of tire listener;
d) The listening is binaural;
e) The listeners are otologicelly normal persons In the age group 13 to 25 years inclusive;
FIGURE 1.1A I.S.O. Recommendation R26
For Equal Loudness Contours.
6
FIGURE 1.1B Equal Noisiness Contours Proposed 
By J.T.Broch, B & K Instruments, 
Inc., January 1971.
7.
Other adverse effects on people are suspected. However, 
more research is needed before they can be documented. For 
example^noise can cause blood pressure changes, nausea, irritability, 
fatigue, insomnia, anxiety, reduction of sexual urge, loss of 
appetite etc.
As far as industry is concerned, decline of efficiency 
levels, loss of productivity, increase in accident rates and 
absenteeism are some of the adverse effects of noise. A current 
research program worth noting is now underway both in Australia 
and Japan The Australian researcher is Dr. D.G. Russell
of the Department of Human Movement Studies, University of 
Queensland and his Japanese counterpart is Professor M. Sato,
Head of the Biotron Research Centre, Kyushu Institute of Design 
in Fukuko. Their work will cover the combined effects of high 
ambient temperature and noise on various performance parameters 
using the homotrons. The homotrons are man-sized environmental 
chambers used for the study of human subjects. They allow control 
of temperature, relative humidity, light level and wind velocity.
The "Proposed Hearing Conservation Regulation under the
Factories, Shops and Industries A c t " ^  which is going before
The N.S.W. Parliament for legislation in the near future, and
(3)The Australian Standard AS1269-1976 plus other guidelines
used overseas are outlined.
8 .
1.2 Department of Labour & Industry - Proposed Hearing 
Conservation Regulation under the Factories, Shops 
& Industries Act (4)
Exposure to Noise
" No person employed -
(a) in a factory shall at any time be exposed to a noise 
level exceeding 115 dBA, slow response, unless he is 
wearing a suitable hearing protective device that 
provides adequate attenuation.
(b) in any factory existing at the time this regulation
takes effect shall be exposed to a daily noise index 
(3)which exceed 1.0 , this is equivalent to an exposure
to noise pressure level of 90 dBA for 8 hours.
9
(c) in any factory established or new extensions to existing
factories incorporated after the time this regulation takes 
effect, shall be exposed to a daily noise index exceeding
0.33 i.e 85 dBA - 8 hours."
1.3 Australian Std. - AS1269-1976 ^
"A daily noise dose of 1 has arbitrarily been set at 90 dBA for 
8 hrs per day or its equivalent", 
e.g. 100 dBA for 48 min
110 dBA for 5 min. •
(refer Fig.1.2)
1.4 Noise Control in Industry
The values of sound pressure levels in specified octave bands 
which indicate a hazard to hearing.for a duration of approximately 






















These levels are not to be regarded as acceptable maximum noise 
levels but as defining an arbitrary level of hazard to hearing ♦
10.
By applying the A frequency weighting adjustments to Table I 
the permissible sound pressure levels which indicate a hazard 
to hearing for a duration of approximately 8 hours a day are 






















However, industrial noise fluctuates in strength and frequency 
with the number and types of machines in operation. A person*s 
exposure during an 8 hour day may vary from a noisy process to a 
relatively quiet one. It was with this situation in mind that 
the equivalent noise level (Le q) was introduced to enable 
assessment of hearing risk to persons employed in a situation of 
varying noise levels. It is, as its name implies, a mathematical 
method of obtaining a measurement of a person’s noise exposure 
to varying noise which is equivalent to a continuous level of 
noise. This is based on the hypothesis that the damage caused 
by a varying noise level is equal to the damage caused by a 
steady-state noise of equivalent energy, thus if the time of :
exposure to the noise is halved, the maximum permitted energy 
level may be doubled, but since it is measured on a logarithmic
11.
basis this only represents an increase in the maximum level 
from 90 dBA to 93 dBA. This can be continued in both directions, 
as shown in Table I I I ^ .
TABLE III
Sound Pressure Max. Exposure Time








105 15 i i
108 7.5 "
111 3.75 n
1.5 The Committee on Hearing, Bioacoustics & Biomechanisms of 
The National Academy of Science and the National Research 
Council of the U.S.A. proposed the following table as a
/ O X
guideline on damage risk criteria ' '. Refer Table IV
TABLE IV
12.
Damage Risk Criteria Proposed by 
The National Research Council, U.S.A.(CHABA)
Duration/Day
FREQUENCY Hz
125 250 500 1000 2000 4000 7000
8 Hours 96 92 88 86 85 85 86
4 Hours 103 96 91 88 86 85 87
2 Hours 110 101 94 91 88 87 90
1 Hour 118 107 99 95 91 90 95
30 Minutes 126 114 105 100 95 93 99
15 Minutes 135 122 112 106 99 98 104
7 Minutes 135 135 122 114 105 104 111
3 Minutes 135 135 134 124 113 111 120














































Damage risk curves according to Jones and Church —
"A  criterion for evaluation of Noise Exposures" (Journal 
of American Industrial Hygiene Association, Vo! 21, p.482.)
FIGURE 1.3 - Damage risk curves according to Jones and Church - 
criterion for evaluation of Noise Exposures" 
(Journal of American Industrial Hygiene Association 











































Damage Risk Criteria proposed by'the American Air Force. 
APR  1 6 0 -3 .
Based on data from Rosenb/ith and Stevens.
FIG.1.4 - Damage Risk Criteria proposed by the American 
Air Force. Appendix VI(8)
15.
The plant investigated was the No.l Works Rolling Mills at 
Australian Iron & Steel Pty Ltd., Port Kembla and associated plants, 
such as Soaking Pits and Rail Bank sections.
No.l Works Mills comprise the following:
a) Bloom Mill, the oldest mill at A.I.S., rolls ingots into 
slabs and blooms.
b) Rail Mill, which rolls rails, piling bars, round bars and 
some structural sections.
c) The Continuous Mill, also known as Billet Mill which rolls 
billets for domestic and export markets and supplies feed for 
the Merchant Mills.
d) The Soaking Pits is the department where ingots are heated 
up to predetermined temperatures to feed the Bloom Mill.
e) The Rail Bank is the department responsible for the handling 
of various semi-finished and finished products of the Rail and
. Billet Mills.
It should be noted that all these departments have been in
operation for over 30 years. It should also be understood that at
the time when this plant was designed, pollution in its various
aspects was not heard of. Despite- great efforts by the Management to
modernise this plant and eliminate its pollution problems, a full 
solution is not feasible because of prohibitive costs.
2» _ INVESTIGATION VENUE AND PROCEDURE:
16.
Another reason for the selection of this part of the Works is 
the unique opportunity whic h is available in the way of being able 
to investigate the hearing capacity of so many people who have worked 
in this area since its conception or at least for over 25 years.
Sub sections which are considered to be notorious for noise 
have been singled out for detailed investigation.
A typical noise pattern of each sub-section has been recorded 
and the noise analysed to obtain its dominant frequency using 
Bruel & Kjaer equipments which have been calibrated prior to each 
test (see Appendix V). All the results obtained were automatically 
plotted for later reference (see Appendix VI).
A random number of the employees working in these particular sub­
sections were then subjected to an audiometric test carried out to 
standard specifications (see Appendix IV). The hearing loss, if 
any, suffered by each individual was then assessed and relatively 
compared with his work mates1 and to the type and the dominant 
frequency/ies of the noise he is usually exposed to.
A sufficient number of noise locations and individuals were 
investigated to allow the detection of trends. Random people who 
are usually exposed to all sorts of noise were also investigated and 
compared to the previous groups. Backgrounds of all concerned were 
recorded e.g. past medical ear trouble history and nationality. The 
aim of considering nationalities was to see if the race of people have 
any particular bearing on the results.
The following is a list of sub-sections investigated
i) Nos.35-37 Soaking Pits Combustion Fans
ii) Rail Mill Galloway Engine & Break-down Stand Area
iii) Boilermaker’s Work Area
iv) Rail Bank Gag-Presses
V) Rail Mill Hot Saw
vi) Rail Bank Chipping Beds
vii) Billet Mill Motor Room
viii) Slab Yard Scarfing Area
ix) Bloom Mill Floor
X) Galloway Engine Exhaust
Xi) Crib Rooms Area (East end Soaking Pits)
18.
This test was carried out on site in selected areas.
Two instruments were used simultaneously -
1. The Bruel & Kjaer Sound Level Meter, Type 2209
2. The Nagra IV - SJ Tape Recorder.
Prior to commencing any noise measurement, each instrument 
was calibrated separately. The two units were then interconnected 
and a calibrating tune emitted. The scale on each instrument 
should record the same sound power level. If not, adjustments 
were made to achieve perfect calibration.
The purpose of this exercise was to keep a constant check 
on the signal received by the tape recorder. It is essential to 
have a true recording of the noise as the tape was used as the 
basis for all the later analyses.
A minimum time of three minutes was allowed for each noise 
recording to ensure that a representative noise sample was taken. 
Occasionally and at random, a sample was recorded twice to check 
the consistency of the instruments (see Appendix VIII). Background 
noise was also measured in each case and its bearing on the overall 
noise assessed.
Care was also taken regarding the direction of the microphone 
with respect to the source of the noise. Another aspect noted was 
the setting of the attenuator of the sound level meter.
3. NOISE MEASUREMENT PROCEDURE:
19.
The noise analysis was carried out in the Sound Laboratory. 
Four instruments were used simultaneously - .
1. Nagra IV - SJ Tape Recorder
2. The 2607, Bruel & Kjaer Measuring Amplifier
3. The 1615, Bruel & Kjaer Band Pass Filter
4. The 2307, Bruel & Kjaer Graphic Level Recorder.
These instruments are designed for possible joint operation 
for frequency analysis. Theoretically this system works as 
follows:-
A signal is sent from the tape recorder to the amplifier. It 
is amplified and sent to the band pass filter. The band pass filter 
blocks everything but the frequency selected which is transmitted 
to graphic level recorder. The recorder converts the signal into 
lines which are traced on a special graph paper.
However, in practice, this is a time consuming procedure since 
a separate run is required for each frequency. Also the sound 
pressure level must be manually marked on the graph paper ordinate. 
These level marks vary according to the attenuation used on the sound 
level meter during the actual noise measurement.
The following octave bands centre frequencies were analysed 
in each case -
4. NOISE ANALYSIS PROCEDURE;
31.5, 63, 125, 250, 500, 1000, 2000, 4000, 8000 and 16000 Hz.
20
FIG. 4.1 SET UP OF THE EQUIPMENT FOR THE 
NOISE FREQUENCY ANALYSIS
21.
5* INTERPRETATION OF THE RESULTS
5.1 General
Prior to any conclusions, the validity of the various 
theories mentioned in Section 1 in relation to the results 
shown in Appendix 7, is examined.
5.2 Octave Bank Effect
In "Noise Control in Industry"^ it is claimed that the 
greatest hearing loss generally occurs at frequencies 
approximately %-l octave higher than the frequency of the noise 
. source. It has been noticed that early signs of hearing loss 
are generally around the 4000 Hz frequency. This has been 
explained by the fact that a lot of industrial noise occurs 
at frequencies of 1500-3500 Hz.
The investigation of the audiograms of the employees 
surveyed showed that the majority of them had suffered the 
biggest hearing loss around the 4000 Hz frequency. Only 40% 
of the noisy sections investigated have a dominant frequency 
in the 1500-3500 Hz range.
Two points of interest should be stressed:
(i) The majority of the employees who are exposed to noise 
where the dominant frequency is either higher or lower 
than the (1500-3500 Hz) range, have shown a significant 
hearing loss around the 4000 Hz frequency.
22.
(ii) Some employees have suffered from hearing loss at
frequencies higher than the 4000 Hz, yet their hearing 
is significantly better at the 4000 Hz frequency.
5.3 Effect of Sound Pressure Level
In "Noise Control in I n d u s t r y " t h e  sound pressure 
levels corresponding to various frequencies which indicate 
a hazard to hearing for a duration of 8 hours a day are 
recommended (Table II).
/
Since most of the areas surveyed have a noise pressure 
level over 100 dBA, compared to a maximum of 82 dBA in 
Table II, and since a very large proportion of the employees 
have shown no significant hearing loss, it is not unreasonable 
to suggest that the criteria of Table II are extremely cautious 
and such figures may need to be revised as a more realistic 
approach is possible.
This comment is based on the assumption that industrial 
conditions in both the U.S.A. and Australia are similar.
5 # 4 Check on The National Research Council Criterion
Table IV shows the damage risk criteria proposed by
( 8)The National Research Council, U.S.A.
To check the accuracy of this Table, the figures 
recommended for the 4000 Hz frequency are examined. That is, 
for a sound pressure level of 111 dBA the maximum exposure time 
recommended is 30 minutes.
23.
Section A7.6 shows the percentage hearing loss for an 
employee who worked for 2% years in an area where the 
dominant frequency is 4000 Hz; the sound pressure level 
corresponding to this frequency is 118 dBA. From personal 
experience with the plant it can safely be assumed that an 
employee who is working in this area will be exposed to this 
type of noise for an average of 1 to 1^ hours per eight hour 
shift on an intermittent basis. This particular employee has 
suffered no hearing loss at all.
Whether the exposure time recommended in the table is 
meant to be on a continuous basis or not, is not stated.
However, if one looks at the results of the employees in this 
section, various degrees of hearing losses are evident 
(0 .2% to 59.5%) depending on the age of the employee and his 
length of service. Similar conclusions can be drawn if the 
results obtained for other frequencies and sound pressure levels 
are examined.
As mentioned previously, these recommendations are 
theoretical and do not show any quantitative assessment of the 
hearing damage. However, when the wide range of the results 
obtained is examined, it becomes quite apparent why definite 
figures relating noise to hearing loss have yet to be produced.
5.5 Check on Jones & Church Criterion
Figure 1.3 shows the damage risk curves according to Jones 
& Church^^. What is different about this Table is the fact
24.
that it shows the maximum exposure time per week for various 
frequencies and sound pressure levels. For example, for the 
4000 Hz frequency and a sound pressure level of 118 dBA, the 
maximum recommended exposure time is approximately 0 . 2  hours, 
yet the employee mentioned in Section 6.4, who is actually 
exposed to this type of noise for 8 - 1 0  hours a week, has not 
shown any detectable hearing loss after 2^ years of exposure. 
Although his workmates have shown various degrees of losses, 
only 50% of those tested have shown results which can be 
considered alarming. The remaining 50% have suffered from 
minor hearing abnormalities.
Again, although this Table is an improvement on the previous 
ones, it does not show any criteria for age and length of service 
factors which are considered to be of basic importance.
5.6 Check on The American Air Force Criterion
Fig. 1.4 shows the damage risk criteria proposed by The 
(8 }American Air Force'1 .
For frequencies ranging from 300 Hz to 10 000 Hz and a 
sound pressure level of 118 dBA the maximum recommended exposure 
time is less than h minute per day.
If the results discussed in Sections 5.4 and 5.5 are 
compared to this Table one can only say it is by far very 
conservative and to imagine such recommendations being applied
25.
to a heavy industrial environment is indeed pessimistic.
As a matter of fact, every noisy section investigated 
in the survey has a dominant frequency in the 300-10 000 Hz 
range shown in Fig.1.4. The sound pressure level and the 
exposure time in each section exceed by far those recommended, 
yet the effects on the employees do not seem to be as adverse 
as one could have expected them to be.
5.7 Check on The Proposed Hearing Conservation Act of N.S.W.
The proposed hearing conservation regulation under the 
Factories, Shops & Industry Act adopts the recommendations 
of the Australian Standard AS 1269-1976, as a criterion for 
hearing conservation. (Refer Fig.1.2).
Again, it is unfortunate that the accuracy of this 
regulation for sound pressure levels below 100 dBA can not be 
checked. However, this is possible for sound pressure levels 
ranging from 100-115 dBA. It should be mentioned here that this 
regulation adopts a rather different approach by using the 
noise index criterion. For example, a noise index of 1 could 
correspond to a range of sound pressure levels and durations 
without any frequency being taken into consideration (e.g.
115 dBA and 1.8 minutes, 110 dBA and 5 minutes, 100 dBA and 
50 minutes and so on).
If one tries to test out the accuracy and the applicability 
of this regulation to the industrial plant surveyed by
26.
comparing a random number of the results obtained against 
the recommended figures, one will be quick to conclude that 
this approach is strict and lacks a lot of investigation and 
verification, and it is not surprising to know that the 





A wide range of conclusions may be drawn-up as a result 
of this investigation. Some were expected, others were 
surprising. It is worth mentioning that noise measurements 
were carried out under normal conditions of humidity and 
temperature in the hope of establishing realistic results.
6.2 Race Effect
The persons investigated in this Thesis were selected 
at random. They came from various parts of Europe, the 
Middle East and Australia. There was nothing to indicate that 
a person of a particular nationality had any advantages or 
disadvantages over the others when it came to industrial 
deafness.
6.3 Noise Subjectivity
The findings of this Thesis confirm beyond any doubts 
that noise is a subjective matter. Different people react to 
it in different ways. Its effect on people are vastly 
different and industrial deafness is no exception. Even for 
the same person the extent of deafness could vary from one 
ear to the other by an average of 10%. In one area and under 
the same conditions, while some employees suffered minor or 
no damage, others had lost the best part of their hearing for 
the same amount of exposure.
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Another characteristic of noise subjectivity is the 
temporary threshold shift (TTS). The magnitude and duration 
of T.T.S. vary significantly from one ear to the other and 
from one person to another. No valid explanation is available 
so far regarding this problem. This is why it is advisable 
to carry out the hearing test on a person after he has been 
away from noisy environments for about two days.
6.4 Age Effect
One interesting finding is that the extent of industrial 
deafness increases with age. This has been confirmed many 
times in the survey where older persons seem to have suffered 
significantly more than their younger fellow workers under 
exactly the same working conditions and length of exposure. 
There were, of course some exceptions, but the above trends 
were very strong. The only explanation one can offer is the 
usual deterioration of the human body with age and its 
decreasing resistance to strenuous conditions.
6 .5 Effect of Type of Noise
By the type of noise it is meant to distinguish between 
impact noise and steady noise. The results shown in 
Appendix VII clearly indicate that steady noise causes much 
less hearing loss than impact noise. The results obtained 
from two of the sections investigated can be used as evidence.
The Billet Mill Motor Room has steady noise with a
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constant sound pressure level. The dominant frequency is 
2000 Hz and the corresponding sound pressure level is 111 dBA. 
The Motor Room has no impact noise. Ten employees who usually 
work in this area were selected at random. Their ages varied 
from 23 to 51 years and the length of their service varies 
from 2% to 2 1 years, yet the average amount of hearing loss 
was around 1% with one maximum being 2.1% (refer A7.4).
Another example is the Slab Yard where the dominant 
frequency is 8000 Hz and the corresponding sound pressure 
level is 103 dBA. Some remote impact noise can be heard in 
this area. However this originates from a distance of 75m 
and it can be considered to have little or no bearing on the 
results. Thirteen employees were tested at random. Four had 
suffered no hearing loss at all, seven had an average loss of 
around 3% and only one employee had suffered 55.2% loss in the 
left ear and 42.8% in the right ear. With the purpose of 
finding out the reason for his apparent severe hearing loss, 
this employee was interviewed. He did not seem to have any 
hearing problems. Also he did not think that there was 
anything wrong with his hearing. This led me to conclude that 
he had suffered from temporary hearing loss at the time the 
test had been carried out and his results should be disregarded. 
(Ref. A7.2) .
Two other sections where severe impact noise is predominant 
(Ref. A7.7 and A7.8) with a dominant frequency of 1000 Hz and 
a sound pressure level of 110 dBA are now examined. Of the 35
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employees tested only two were found to have suffered no 
damage, thirteen have over 2 0 % loss and two have lost 61%.
6 . 6  Frequency Effects
The hearing conservation criteria proposed by The 
National Research Council (Table IV), Jones & Church (Fig.1.3) 
and The American Air Force (Fig.1.4) allow higher sound 
pressure levels for the same exposure time for frequencies 
above 4000 Hz. The results obtained for the Slab Yard area 
where the dominant frequency is 8000 Hz and its corresponding 
sound pressure level is 103 dBA seem to support the above 
criteria. However, it should be stressed that this particular 
area generates no impact noise and this could have contributed 
largely to reduce the percentage hearing loss suffered by the 
employees of this area.
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After spending many days of investigations, analyses and 
interpretations of the various results the author can say, 
with reasonable confidence, that noise will be one of the most 
controversial issues in the years ahead.
It can only be compared to smoking, as there will be a 
large section of the community rallying against it, while 
industries will pressure the authorities to relax the 
regulations because of the economic consequences which can 
result from tougher regulations. Both parties can argue for 
and against noise hazards as both have some valid points.
To reduce this problem, employees who are working in 
noisy industries should be regularly tested for industrial 
deafness. Employees who exhibit adverse effects should be 
made to wear suitable noise attenuators to halt any further 
hearing deterioration. If this is not achieved the employee 
should be offered alternative employment in an area less noisy.
Other aspects of the possible effects of noise which 
were previously mentioned, e.g. high blood pressure, insomnia, 
inefficiency, etc., did not come within the scope of this 
investigation as the main concern in this work was specifically 
with the effects on hearing. However, even though the results 
cannot be said to be conclusive because of the many variables 
involved, the existence of definite trends can not be denied.
One thing is certain though, the Australian community is
7. DISCUSSION AND RECOMMENDATIONS
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becoming very anxious about the various types of pollution 
and noise pollution is no exception. It is only a matter 
of time before tougher Legislation is introduced to match 
that existing in many European countries. The more research 
carried out on noise effects on people the more anxious and 
apprehensive the community is going to be as all available 
indications to date point in this direction. No one knows 
how startling and surprising the findings are going to be, 
and the sooner something final becomes available the better.
Finally, one would hope that all industries concerned 
will take a responsible attitude and do their utmost to 
minimise this problem by both reducing the noise levels and 
' educating employees. Educational campaigns should be 
initiated by Government authorities as noise is a social 




Definition: In this thesis the term Dominant Frequency is 
used to describe the sound frequency which has the highest decibel 
reading on the A-weighted Scale.
It can be shown that such frequency contributes the highest 
percentage to the total sound power.




Formula (2) was used to find the dominant frequency in the 




=  10 log wWo
W (watts)
-„-12 dB
1 0  antilog —
The following results were obtained:
Frequency Antilog x
Hz dBA 10-12 % Cum %
31.5 34 2.5 X io “8 3.71 X 10"4 —
63 49 7.9 X io "7 1.17 X io“2 -
125 61 1.26 X io “5 1.87 X io “1 0.2
250 64 2.51 X 10-5 3.72 X io“1 0.37
500 75 3.16 X 10~4 4.69 5.26
1000 77.5 5.62 X io~4 8.3 13.49
2000 77 5.01 X -410 7.4 20.89
4000 74.5 2.82 X 10~4 4.2 21.09
8000 87 5.01 X io ”3 74.4 95.49
16000 62 1.58 X io -5 2.35 X io“1
TOTAL 6.73 X io -3
Hence it can be seen that approximately 75% of the sound 
power level is produced by the 8000 Hz frequency with 87 dBA 
reading.
Such frequency is the dominant frequency.
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a p p e n d i x II
A.2.1 FREQUENCY ANALYSIS:
GENERAL
The frequency analysis of the noise emitted from a dynamic 
machine is essential to diagnose the exact source of this noise.
In an industrial complex or factory, noise may be coming from 
various machines and noise may also come from more than one 
component of a particular machine. The frequency analysis is a 
powerful tool which can be used for this purpose.
As an example, consider the combustion fans of Nos.35-37 Soaking 
Pits. The dominant noise frequency was found to be 8000 Hz.
(Refer Appendix I).
. . 8000 x 60An 8000 Hz frequency is equivalent to — — :--- r.p.m.
= 76920 r.p.m.
At first sight this figure may seem suspicious. However, 
further investigations showed that the 3 fans under consideration 
were running at 3200 r.p.m. and each fan runner has 8 blades.
Hence the blade passing frequency is -
3200 x 8 x 3 = 76800
Allowing for voltage fluctuation it may be assumed that the 
noise source is the fan blades cutting through air layers.
NOTE:
An investigator should be able to assess the various 
causes of the problem and the characteristics of each one. This 
will save a lot of investigation time. For example, in this case, 
the noise may be generated by faulty fan bearings. However, an
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experienced investigator would realise that this type of noise 
is different from that associated with damaged bearings.
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APPENDIX III
A3.1 ADDITION OF SOUND POWER LEVELS
Often it is necessary to combine sound levels (dB). An
example is the combination of frequency levels to obtain the 
overall or total sound pressure level. Another example is the 
estimation of total sound pressure level resulting from adding 
a machine of known noise spectrum to an existing noise environment 
of known characteristics.
For addition of sound pressure levels of two separate random 
noise sources the following procedure is used to add one random 
noise level, I4 , measured at some point to another, I<2 > measured 
by itself at the same point, the numerical difference between the 
two levels is used to find the amount to be added to the larger of 
Li or L 2 to obtain the resultant of Li + L2 . If more than two are 
to be added the resultant of the first two must be added to the 
third, the resultant of the three sources to the fourth, etc. until 
all levels have been added, or until the addition of smaller values 
do not add significantly to the total.
The above procedure was applied to add various noise levels 
produced by No.35-37 Soaking Pit Fans. An overall sound pressure 
level was obtained directly using Bruel & Kjaer instruments 
described in Appendix V.
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Let Lj_, L2 ”— be the noise pressure levels recorded 
with Li 94 dB be the highest corresponding to a frequency 
of 8000Hz.
Various pressure level peaks were selected such that
Ll - L2, Ll - l 3 Ll " Lni be less than 2 0 dB.
Table A3.1 (6 ) . was used to obtain the adjustment
xl> x2, --- xm*
The following results; were obtained:
Ll - l 2 = 94 - 83 = 1 1 dB X 1 0.3 dB
Ll - L3 = 94 - 83 = 1 1 dB x 2 = 0.3 dB
Ll - L4 = 94 - 8 6 = 8 dB x3 = 0.7 dB
Ll - l 5 = 94 - 85 = 9 dB x4 = 0.5 dB
Ll - L6 “ 94 - 83 = 1 1 dB x5 - 0.3 dB
Ll - L7 = 94 - 81 = 13 dB x 6 = 0 . 2 dB
Ll - Lg = 94 - 85 = 9 dB x7 s= 0.5 dB
*• • xm r= 2 . 8 dB
and the total sound pressure level is 
L = Ll + Xju ^
= 94 + 2.8 = 96.8 dB
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The answer obtained compares favourably well with that of 
97 dB obtained directly by using B & K Sound level Meter.
TABLE A3.1
Method for adding decibel levels of noise with random 
frequency characteristics.
Numerical Difference Amount to be Added to
Between Levels Li & L2 the Higher of Li or L2
0 . 0 to 0 . 1 3.0
0 . 2 to 0.3 2.9
0.4 to 0.5 2 . 8
0 . 6 to 0.7 2.7
0 . 8 to 0.9 2 . 6
1 . 0 to 1 . 2 2.5
1.3 to 1.4 2.4
1.5 to 1 . 6 2.3
1.7 to 1.9 2 . 2
2 . 0 to 2 . 1 2 . 1
2 . 2 to 2.4 2 . 0
2.5 to 2.7 1.9
2 . 8 to 3.0 1 . 8
3.1 to 3.3 1.7
3.4 to 3.6 1 . 6
3.7 to 4.0 1.5
4.1 to 4.3 1.4
4.4 to 4.7 1.3
4.8 to 5.1 1 . 2




Between Levels L^ & L 2
Amount to be Added to 
the Higher of L^ Qr-L2
5.7 to 6 . 1 1 . 0
6 . 2 to 6 . 6 0.9
6.7 to 7.2 0 . 8
7.3 to 7.9 0.7
8 . 0 to 8 . 6 . 0 . 6
8.7 to 9.6 0.5
9.7 to 10.7 0.4
1 0 . 8 to 1 2 . 2 0.3
12.3 to 14.5 0 . 2
14.6 to 19.3 0 . 1
19.4 to 0 . 0
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APPENDIX IV
A.4.1 audio m e t ri c TEST 
A. 4.1 . 1  General
An Audiometric Test was carried out on each employee who 
worked in any of the noise polluted areas mentioned previously. 
Tests were conducted in accordance with the recommendations of 
the National Acoustic Laboratories, Department of Health and 
Hearing Conservation Code AS1269-1976.
- All tests were carried out by a trained person.
- In each case the employee tested was away from the plant for
16 hours prior to the test to avoid'the effect of any temporary 
hearing loss on the results.
- If suspect results were detected, the employee was asked to
undertake another test after a minimum of two days off and 
away from strong noise. -
- A pure tone audiometer was used, the Angus & Coote Screening 
Audiometer type SA, complying with.the requirements of 
Australian Standard "ASZ43, Instrumentation for Audiometry - 
Part 1 , pure tone audiometers".
- The following frequencies were included in each test, 500,
1000, 2000, 3000 and 4000 Hz. The 1500 Hz frequency results 
were interpolated using the results of the 1000 and 2000 Hz 
frequencies.
- A sound isolating booth was used to provide the quiet 
environment stipulated for audiometric tests by "ASz43".
The background noise levels inside such rooms conforms with
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the values shown in AS1269-1976 listed in Table A4.1. These values 
apply in this case where TDH39 earphones are used.
TABLE A4.1
Octave Band (Hz) 
Centre Frequency
125 250 500 1000 2 0 0 0 4000 8000
Maximum Acceptable 
Octave-Band Level, 
dB re 20xl0- 6  Pa 52 35 15 14 29 36 28
A.4.1.2 Test Procedure
The person to be tested was instructed that he is going to 
hear a series of buzzes through the earphone and to press a 
signalling button each time he hears a buzz no matter how faint 
it is..
The headset is secured in place, the red phone over the right 
ear and the blue phone over the left ear, with the earphones level 
with the entrance to the ear canal. The operator holds the 
interrupter switch in the on position, presses the 1000 Hz frequency 
button and gradually increases the level of the sound. The 
interrupter switch is released immediately a response signal comes 
from the person being tested. The hearing level dial is then turned 
down lOdB and a short buzz is presented. This pattern is repeated 
until the person fails to respond. The level of the tone is then 
increased by 5 dB and three tone bursts are presented. If the 
subject responds to one burst only, the tone level is increased by 
5 dB. If he responds to two bursts the tone level is decreased by
5 dB.
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FIG.A4.1 TYPICAL AUDIOMETRIC RESULTS SHOWING THE HEARING
LOSS PATTERNS CAUSED BY INDUSTRIAL NOISE DEAFNESS
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This pattern is repeated for each frequency. The lowest hearing 
loss dial setting at which the subject indicates he hears two out 
of three presentations of tone, is regarded as his hearing threshold.
When thresholds have thus been established at all frequencies and 
for both ears, and the audiogram marked accordingly, it is customary 
to join the threshold points of each ear at the respective 
frequencies by a continuous line across the diagram. These two 
lines graphically indicate the subject!s hearing threshold in each 
ear over the frequencies tested.
M .2.1 Assessment of Hearing Loss
The procedure used in this thesis is the one recommended by the 
National Acoustic Laboratories ^  for the monaural evaluation of 
hearing loss.
The hearing levels of a person are measured at audiometric 
frequencies 500, 1000, 1500, 2000, 3000 and 4000 Hz as discussed 
previously.
The hearing levels obtained are then used as entries in the 
appropriate tables A4.2 to A 4 . 7 ^  and percentage loss of hearing 
(PLH) is read off directly for each frequency.






500 30 2 . 6
1 0 0 0 40 7.2
1500 50 9.0
2 0 0 0 60 9.1
3000 70 7.7
4000 80 8.9
A4.2 . 2  Presbyacusis
Monaural PLH = 44.55
For the purpose of this thesis it is assumed that persons under 
the age of 50 do not suffer from hearing loss due to aging, 
called presbyacusis. Anyone who admitted having a history of 
ear problems was excluded from the collection of data. However, 
for people over 50 years old, a correction factor is required 
in determining the PLH. Correction factors for the 51-90 year 
age group are listed in Table A4.8 The appropriate value
is subtracted from the person’s monaural percentage hearing losses
Example:
A person aged 65 years has a monaural PLH of 15.9% and his loss 
is to be corrected for presbyacusis. Find his PLH which can be 
attributed to industrial noise.
From Table A 4 . 8 ^ \  the correction factor due to prebyacusis 
is 2 .8 .
Hence his monaural PLH due to noise is
15.9-2.8 = 13.1%
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VALUES OF MONAURAL PERCENT LOSS OF HEARING CORRESPONDING 
TO GIVEN HEARING LEVELS AT 500 Hz IN ONE EAR ONLY
TABLE A4.2
HL PLH HL PLH HL PLH HL PLH HL PLH
18.0 0 33.5 3.6 49.0 8.7 64.5 13.6 80.0 17.9
18.5 0 . 1 34.0 3.8 49.5 8 . 8 65.0 13.7 80.5 18.0
19.0 0.3 34.5 4.0 50.0 9.0 65.5 13.9 81.0 18.1
19.5 0.5 35.0 4.1 50.5 9.1 6 6 . 0 14.0 81.5 18.2
2 0 . 0 0.7 35.5 4.3 51.0 9.3 66.5 14.2 82.0 18.3
20.5 0 . 8 36.0 4.5 51.5 9.5 67.0 14.4 82.5 18.4
2 1 . 0 0.9 36.5 4.6 52.0 9.6 67.5 14.5 83.0 18.5
21.5 0.9 37.0 4.8 52.5 9.8 • 6 8 . 0 14.7 83.5 18.6
2 2 . 0 1 . 0 37.5 5.0 53.0 9.9 68.5 14.8 84.0 18.7
22.5 1 . 1 38.0 5.1 53.5 1 0 . 1 69.0 15.0 84.5 18.8
23.0 1 . 1 38.5 5.3 54.0 1 0 . 2 69.5 15.1 85.0 18.9
23.5 1 . 2 39.0 5.4 54.5 10.4 70.0 15.3 85.5 18.9
24.0 1.3 39.5 5.6 55.0 1 0 . 6 70.5 15.4 8 6 . 0 19.0
24.5 1.4 40.0 5.8 55.5 10.7 71.0 15.6 86.5 19.1
25.0 1.5 40.5 5.9 56.0 10.9 71.5 15.7 87.0 19.2
25.5 1 . 6 41.0 6 . 1 56.5 1 1 . 0 72.0 15.9 87.5 19.2
26.0 1.7 41.5 6 . 2 57.0 1 1 . 2 72.5 16.0 8 8 . 0 19.3
26.5 1 . 8 42.0 6.4 57.5 11.4 73.0 16.2 88.5 19.4
27.0 1.9 42.5 6 . 6 58.0 11.5 73.5 16.3 89.0 19.4
27.5 2 . 0 43.0 6.7 58.5 11.7 74.0 16.4 89.5 19.5
28.0 2 . 1 43.5 6.9 59.0 1 1 . 8 74.5 16.6 90.0 19.5
28.5 2 . 2 44.0 7.1 59.5 1 2 . 0 75.0 16.7 90.5 19.6
29.0 2.3 44.5 7.2 60.0 1 2 . 2 75.5 16.8 91.0 19.6
29.5 2.5 45.0 7.4 60.5 12.3 76.0 17.0 91.5 19.7
30.0 2 . 6 45.5 7.5 61.0 12.5 76.5 17.1 92.0 19.7
30.5 2.7 46.0 7.7 61.5 1 2 . 6 77.0 17.2 92.5 19.8
31.0 2.9 46.5 7.9 62.0 1 2 . 8 77.5 17.3 93.0 19.8
31.5 3.0 47.0 8 . 0 62.5 12.9 78.0 17.5 93.5 19.8
32.0 3.2 47.5 8 . 2 63.0 13.1 78.5 17.6 94.0 19.9
32.5 3.3 48.0 8.3 63.5 13.3 79.0 17.7 94.5 19.9
33.0 3.5 48.5 8.5 64.0 13.4 79.5 17.8 95.0 2 0 . 0
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VALUE OF MONAURAL PERCENT LOSS OF HEARING CORRESPONDING 
TO GIVEN HEARING LEVELS AT 1000 Hz IN ONE EAR ONLY
TABLE A4.3
HL PLH EL PLH HL
18.0 0 33.5 4.6 49.0
18.5 0.3 34.0 4.8 49.5
19.0 0.5 34.5 5.0 50.0
19.5 0.7 35.0 5.2 50.5
2 0 . 0 0.9 35.5 5.4 51.0
20.5 1.0 36.0 5.6 51.5
2 1 . 0 1 . 1 36.5 5.8 52.0
21.5 1 . 2 37.0 6 . 0 52.5
2 2 . 0 1.3 37.5 6 . 2 53.0
22.5 1.4 38.0 6.4 53.5
23.0 1.5 38.5 6 . 6 54.0
23.5 1 . 6 39.0 6 . 8 54.5
24.0 1.7 39.5 7.0 55.0
24.5 1 . 8 40.0 7.2 55.5
25.0 1.9 40.5 7.4 56.0
25.5 2 . 0 41.0 7.6 56.5
26.0 2 . 1 41.5 7.8 57.0
26.5 2 . 2 42.0 8 . 0 57.5
27.0 2.4 42.5 8 . 2 58.0
27.5 2.5 43.0 8.4 58.5
28.0 2 . 6 43.5 8 . 6 59.0
28.5 2 . 8 44.0 8 . 8 59.5
29.0 2.9 44.5 9.0 60.0
29.5 3.1 45.0 9.2 60.5
30.0 3.3 45.5 9.4 61.0
30.5 3.4 46.0 9.6 61.5
31.0 3.6 46.5 9.8 62.0
31.5 3.8 47.0 1 0 . 0 62.5
32.0 4.0 47.5 1 0 . 2 63.0
32.5 4.2 48.0 10.4 63.5
33.0 4.4 48.5 1 0 . 6 64.0
PLH HL PLH HL PLH
1 0 . 8 64.5 17.0 80.0 22.4
1 1 . 0 65.0 17.2 80.5 22.5
1 1 . 2 65.5 17.4 81.0 2 2 . 6
11.4 6 6 . 0 17.6 81.5 2 2 . 8
1 1 . 6 66.5 17.7 82.0 22.9
1 1 . 8 67.0 17.9 82.5 23.0
1 2 . 0 67.5 18.1 83.0 23.1
1 2 . 2 6 8 . 0 18.3 83.5 23.2
12.4 68.5 18.5 84.0 23.4
1 2 . 6 69.0 18.7 84.5 23.5
1 2 . 8 69.5 18.9 85.0 23.6
13.0 70.0 19.1 85.5 23.7
13.2 70.5 19.3 8 6 . 0 23.8
13.4 71.0 19.5 86.5 23.9
13.6 71.5 19.7 87.0 24.0
13.8 72.0 19.9 87.5 24.0
14.0 72.5 2 0 . 0 8 8 . 0 24.1
14.2 73.0 2 0 . 2 88.5 24.2
14.4 73.5 20.4 89.0 24.3
14.6 74.0 2 0 . 6 89.5 24.3
14.8 74.5 20.7 90.0 24.4
15.0 75.0 20.9 90.5 24.5
15.2 75.5 2 1 . 0 91.0 24.5
15.4 76.0 2 1 . 2 91.5 24.6
15.6 76.5 21.4 92.0 24.7
15.8 77.0 21.5 92.5 24.7
16.0 77.5 21.7 93.0 24.8
16.2 78.0 2 1 . 8 93.5 24.8
16.4 78.5 2 2 . 0 94.0 24.9
16.6 79.0 2 2 . 1 94.5 24.9
16.8 79.5 2 2 . 2 95.0 25.0
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TABLE A4.4
LVALUE OF MONAURAL PERCENT LOSS OF HEARING CORRESPONDING
TO GIVEN HEARING LEVELS AT 1500 Hz IN ONE EAR ONLY •
HL PLH HL PLH HL PLH HL PLH HL PLH
18.0 0 33.5 3.6 49.0 8.7 64.5 13.6 80.0 17.9
18.5 0 . 1 34.0 3.8 49.5 8 . 8 65.0 13.7 80.5 18.0
19.0 0.3 34.5 4.0 50.0 9.0 65.5 13.9 81.0 18.1
19.5 0.5 35.0 4.1 50.5 9.1 6 6 . 0 14.0 81.5 18.2
2 0 . 0 0.7 35.5 4.3 51.0 9.3 66.5 14.2 82.0 18.3
20.5 0 . 8 36.0 4.5 51.5 9.5 67.0 14.4 82.5 18.4
2 1 . 0 0.9 36.5 4.6 52.0 9.6 67.5 14.5 83.0 18.5
21.5 0.9 37.0 4.8 52.5 9.8 6 8 . 0 14.7 83.5 18.6
2 2 . 0 1 . 0 37.5 5.0 53.0 9.9 68.5 14.8 84.0 18.7
22.5 1 . 1 38.0 5.1 53.5 1 0 . 1 69.0 15.0 84.5 18.8
23.0 1 . 1 38.5 5.3 54.0 1 0 . 2 69.5 15.1 85.0 18.9
23.5 1 . 2 39.0 5.4 54.5 10.4 70.0 15.3 85.5 18.9
24.0 1.3 39.5 5.6 55.0 1 0 . 6 70.5 15.4 85.0 19.0
24.5 1.4 40.0 5.8 55.5 10.7 71.0 15.6 86.5 19.1
25.0 1.5 40.5 5.9 56.0 10.9 71.5 15.7 87.0 19.2
25.5 1 . 6 41.0 6 . 1 56.5 1 1 . 0 72.0 15.9 87.5 19.2
26.0 1.7 41.5 6 . 2 57.0 1 1 . 2 72.5 16.0 8 8 . 0 19.3
26.5 1 . 8 42.0 6.4 57.5 11.4 73.0 16.2 88.5 19.4
27.0 1.9 42.5 6 . 6 58.0 11.5 73.5 16.3 89.0 19.4
27.5 2 . 0 43.0 6.7 58.5 11.7 74.0 16.4 89.5 19.5
28.0 2 . 1 43.5 6.9 59.0 1 1 . 8 74.5 16.6 90.0 19.5
28.5 2 . 2 44.0 7.1 59.5 1 2 . 0 75.0 16.7 90.5 19.6
29.0 2.3 44.5 '7.2 60.0 1 2 . 2 75.5 16.8 91.0 19.6
‘29.5 2.5 45.0 7.4 60.5 12.3 76.0 17.0 91.5 19.7
30.0 2 . 6 45.5 7.5 61.0 12.5 76.5 17.1 92.0 19.7
30.5 2.7 46.0 7.7 61.5 1 2 . 6 77.0 17.2 92.5 19.8
31.0 2.9 46.5 7.9 62.0 1 2 . 8 77.5 17.3 93.0 19.8
31.5 3.0 47.0 8 . 0 62.5 12.9 78.0 17.5 93.5 19.8
32.0 3.2 47.5 8 . 2 63.0 13.1 78.5 17.6 94.0 19.9
32.5 3.3 48.0 8.3 63.5 13.3 79.0 17.7 94.5 19.9
33.0 3.5 48.5 8.5 64.0 13.4 79.5 17.8 95.0 2 0 . 0
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TABLE A4.5
VALUES OF MONAURAL PERCENT LOSS OF HEARING CORRESPONDING
TO GIVEN HEARING LEVELS at :2000 Hz :IN ONE EAR ONLY.
HL PLH HL PLH HL PLH HL PLH HL PLH
18.0 0 33.5 2.7 49.0 6.5 64.5 1 0 . 2 80.0 13.4
18.5 0 . 1 34.0 2.9 49.5 6 . 6 65.0 10.3 80.6 13.5
19.0 0 . 2 34.5 3.0 50.0 6.7 65.5 10.4 81.0 13.6
19.5 0.3 35.0 3.1 50.5 6.9 6 6 . 0 10.5 81.5 13.7
2 0 . 0 0.5 35.5 3.2 51.0 7.0 66.5 1 0 . 6 82.0 13.7
20.5 0 . 6 36.0 3.3 51.5 7.1 67.0 1 0 . 8 82.5 13.8
2 1 . 0 0 . 6 36.5 3.5 52.0 7.2 67.5 10.9 83.0 13.9
21.5 0.7 37.0 3.6 52.5 7.3 6 8 . 0 1 1 . 0 83.5 13.9
2 2 . 0 0.7 37.5 3.7 53.0 7.4 68.5 1 1 . 1 84.0 14.0
22.5 0 . 8 38.0 3.8 53.5 7.6 69.0 1 1 . 2 84.5 14.1
23.0 0.9 38.5 4.0 54.0 7.7 69.5 11.4 85.0 14.1
23.5 0.9 39.0 4.1 54.5 7.8 70.0 11.5 85.5 14.2
24.0 1 . 0 39.5 4.2 55.0 7.9 70.5 1 1 . 6 8 6 . 0 14.3
24.5 1 . 0 40.0 4.3 55.5 8 . 0 71.0 11.7 86.5 14.3
25.0 1 . 1 40.5 4.4 56.0 8 . 2 71.5 1 1 . 8 87.0 14.4
25.5 1 . 2 41.0 4.6 56.5 8.3 72.0 11.9 87.5 14.4
26.0 1.3 41.5 4.7 57.0 8.4 72.5 1 2 . 0 8 8 . 0 14.5
26.5 1.3 42.0 4.8 57.5 8.5 73.0 1 2 . 1 88.5 14.5
27.0 1.4 42.5 4.9 58.0 8 . 6 73.5 1 2 . 2 89.0 14.6
27.5 1.5 43.0 5.0 58.5 8 . 8 74.0 12.3 89.5 14.6
28.0 1 . 6 43.5 5.2 59.0 8.9 74.5 12.4 90.0 14.6
28.5 1.7 44.0 5.3 59.5 9.0 75.0 12.5 90.5 14.7
29.0 1 . 8 44.5 5.4 60.0 9.1 75.5 1 2 . 6 91.0 14.7
29.5 1.9 45.0 5.5 60.5 9.2 76.0 12.7 91.5 14.7
30.0 2 . 0 45.5 5.7 61.0 9.3 76.5 1 2 . 8 92.0 14.8
30.5 2 . 1 46.0 5.8 61.5 9.5 77.0 12.9 92.5 14.8
31.0 2 . 2 46.5 5.9 62.0 9.6 77.5 13.0 93.0 14.8
31.5 2.3 47.0 6 . 0 62.5 9.7 78.0 13.1 93.5 14.9
32.0 2.4 47.5 6 . 1 63.0 9.8 78.5 1.32 94.0 14.9
32.5 2.5 48.0 6.3 63.5 9.9 79.0 13.3 94.5 14.9
33.0 2 . 6 48.5 6.4 64.0 1 0 . 1 79.5 13.3 95.0 15.0
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TABLE A4.6
VALUES OF MONAURAL PERCENT LOSS OF HEARING CORRESPONDING
TO GIVEN HEARING LEVELS AT 300C1 Hz IN ONE EAR ONLY
HL PLH HL PLH HL PLH HL PLH HL PLH
19.5 0 35.0 2 . 1 50.5 4.6 6 6 . 0 7.0 81.5 9.1
2 0 . 0 0 . 2 35.5 2 . 1 51.0 4.6 66.5 7.1 82.0 9.2
20.5 0.3 36.0 2 . 2 51.5 4.7 67.0 /7.2 82.5 9.2
2 1 . 0 0.4 36.5 2.3 52.0 4.8 67.5 7.3 83.0 9.3
21.5 0.4 37.0 2.4 52.5 4.9 6 8 . 0 7.3 83.5 9.3
2 2 . 0 0.5 37.5 2.5 53.0 5.0 68.5 7.4 84.0 9.3
22.5 0.5 38.0 2 . 6 53.5 5.0 69.0 7.5 84.5 9.4
23.0 0 . 6 38.5 2 . 6 54.0 5.1 69.5 7.6 85.0 9.4
23.5 0 . 6 39.0 2.7 54.5 5.2 70.0 7.7 85.5 9.5
24.0 0 . 6 39.5 2 . 8 55.0 5.3 70.5 7.7 8 6 . 0 9.5
24.5 0.7 40.0 2.9 55.5 5.4 71.0 7.8 86.5 9.5
25.0 0.7 40.5 3.0 56.0 5.4 71.5 7.9 87.0 9.6
25.5 0 . 8 41.0 3.0 56.5 5.5 72.0 7.9 87.5 9.6
26.0 0 . 8 41.5 3.1 57.0 5.6 72.5 8 . 0 8 8 . 0 9.6
26.5 0.9 42.0 3.2 57.5 5.7 73.0 8 . 1 88.5 9.7
27.0 0.9 42.5 3.3 58.0 5.8 73.5 8 . 2 89.0 9.7
27.5 1 . 0 43.0 3.4 58.5 5.8 74.0 8 . 2 89.5 9.7
28.0 1 . 1 43.5 3.4 59.0 5.9 74.5 8.3 90.0 9.8
28.5 1 . 1 44.0 3.5 59.5 6 . 0 75.0 8.4 90.5 9.8
29.0 1 . 2 44.5 3.6 60.0 6 . 1 75.5 8.4 91.0 9.8
29.5 1 . 2 45.0 3.7 60.5 6 . 2 76.0 8.5 91.5 9.8
30.0 1.3 45.5 3.8 61.0 6 . 2 76.5 8.5 92.0 9.9
30.5 1.4 46.0 3.8 61.5 6.3 77.0 8 . 6 92.5 9.9
31.0 1.4 46.5 3.9 62.0 6.4 77.5 8.7 93.0 9.9
31.5 1.5 47.0 4.0 62.5 6.5 78.0 8.7 93.5 9.9
32.0 1 . 6 47.5 4.1 63.0 6.5 78.5 8 . 8 94.0 9.9
32.5 1.7 48.0 4.2 63.5 6 .6 79.0 8 . 8 94.5 9.9
33.0 1.7 48.5 4.2 64.0 6.7 79.5 8.9 95.0 1 0 . 0
33.5 1 . 8 49.0 4.3 64.5 6 . 8 80.0 9.0
34.0 1.9 49.5 4.4 65.0 6.9 80.5 9.0
34.5 2 . 0 50.0 4.5 65.5 6.9 81.0 9.1
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VALUES OF MONAURAL PERCENT LOSS OF HEARING CORRESPONDING
TABLE A4.7
TO GIVEN HEARING LEVELS AT 4000 Hz IN ONE EAR ONLY.
HL PLH HL PLH HL PLH HL PlH HL PLH
22.5 0 37.0 1.7 51.5 4.2 6 6 . 0 6.7 80.5 8.9
23.0 0 . 1 37.5 1.7 52.0 4.3 66.5 6 . 8 81.0 9.0
23.5 0 . 2 38.0 1 . 8 52.5 4.4 67.0 6.9 81.5 9.0
24.0 0.3 38.5 1.9 53.0 4.5 67.5 7.0 82.0 9.1
24.5 0.3 39.0 2 . 0 53.5 4.5 6 8 . 0 7.1 82.5 9.1
25.0 0.4 39.5 2 . 1 54.0 4.6 68.5 7.2 83.0 9.2
25.5 0.4 40.0 2 . 2 54.5 4.7 69.0 7.2 83.5 9.2
26.0 0.4 40.5 2 . 2 55.0 4.8 69.5 7.3 84.0 9.3
26.5 0.5 41.0 2.3 55.5 4.9 70.0 7.4 84.5 9.3
27.0 0.5 41.5 2.4 56.0 5.0 70.5 7.5 85.0 9.4
27.5 0 . 6 42.0 2.5 56.5 5.1 71.0 7.6 85.5 9.4
28.0 0 . 6 42.5 2 . 6 57.0 5.2 71.5 7.7 8 6 . 0 9.5
28.5 0 . 6 43.0 2.7 57.5 5.2 72.0 7.7 86.5 9.5
29.0 0.7 43.5 2 . 8 58.0 5.3 72.5 7.8 87.0 9.5
29.5 0.7 44.0 2.9 58.5 5.4 73.0 7.9 87.5 9.6
30.0 0 . 8 44.5 3.0 59.0 5.5 73.5 8 . 0 8 8 . 0 9.6
30.5 0 . 8 45.0 3.1 59.5 5.6 74.0 8 . 0 88.5 9.6
31.0 0.9 45.5 3.1 60.0 5.7 74.5 8 . 1 89.0 9.7
31.5 0.9 46.0 3.2 60.5 5.8 75.0 8 . 2 89.5 9.7
32.0 1 . 0 46.5 3.3 61.0 5.8 75.5 8.3 90.0 9.7
32.5 1 . 0 47.0 3.4 61.5 5.9 76.0 8.3 90.5 9.8
33.0 1 . 1 47.5 3.5 62.0 6 . 0 76.5 8.4 91.5 9.8
33.5 1 . 2 48.0 3.6 62.5 6 . 1 77.0 8.5 92.0 9.8
34.0 1 . 2 48.5 3.7 63.0 6 . 2 77.0 8.5 92.5 9.9
34.5 1.3 49.0 3.8 63.5 6.3 78.0 8 . 6 93.0 9.9
35.0 1.4 49.5 3.8 64.0 6.4 78.5 8.7 93.5 9.9
35.5 1.4 50.0 3.9 64.5 6.5 79.0 8.7 94.0 9.9
36.0 1.5 50.5 4.0 65.0 6.5 79.5 8 . 8 94.5 9.9




























0 . 1 73 8 . 1
0 . 2 74 9.0
0.3 75 1 0 . 2
0.4 76 11.3
0.5 77 12.4
0.7 78 . 13.6
0.9 79 14.9
1 . 1 80 16.3
1.3 81 17.8
1 . 6 82 19.2
1.9 83 20.7
2.3 84 22.3
2 . 8 85 24.1
3.2 8 6 25.8
3.8 87 27.5





EQUIPMENT & INSTRUMENTS USED IN THE PLANT SURVEY 
A5.1 GENERAL
Precision instruments made by Bruel & Kjaer and a
Nagra IV - SJ Tape Recorder were used to carry out the 
various measurements and analyses. These instruments 
conform with the relevant Australian Standards as detailed 
later,
The following is a brief description of each unit, its 
characteristics, specifications and calibration,
A5.2 B & K IMPULSE PRECISION SOUND LEVEL METER TYPE 2209
A5,2.1 General
This sound meter which conforms to "AS 1259, Part 2 - 1976 
sound level meters - Type 2, Precision", has also been 
designed to the specifications of the International Electro 
Technical Commission (IEC) Publication 179, Main features 
of the unit are that:
a) Free-field sound pressure levels can be measured with an
•f-accuracy of - 1 dB under the reference conditions specified 
in Table A5.1 AS 1259, Part 2 - 1976 1̂6).
b) The microphone, type 4144,“ has directional sensitivity
+ o (16)within an angle of - 30 conforming to Table A5.2 . The
indicating instrument is of the square law type and
calibration of the meter scale and the error associated with
a range shift must be within tolerances conforming to
AS 1259, Part 2 - 1976,
54.
c) A dynamic characteristic referred to as fast is provided. 
This produces a meter response to a signal of 200 
milliseconds duration which indicates, within -2 to 0 dB
of the indication, for a steady signal of the same frequency 
and amplitude. Damping is specified by the requirement that 
over swing of the steady level produced by a suddenly 
applied signal must be within the limits + 0.1 to +1.1 dB.
d) Another dynamic characteristic referred to as slow is also 
provided. With this response, the meter indication produced 
by a 500 milliseconds duration signal must fall between
-3 to -5 dB from the meter deflection produced by a steady 
signal of the same frequency and amplitude.
The following is a front view of the B & K 2209 Sound 




This is the main power switch. It also determines 
which response is obtained} e.g. battery check, slow, 
fast, impulse, impulse hold and peak hold meter 
characteristics.
(ii) Weighting Network Switch
In position "LIN" the instrument has linear frequency 
response from 2 Hz to 70 000 Hz. In position "A”, "B", 
"CM, "D" the appropriate weighting network is switched 
in.
A5.2.3 CALIBRATION
This sound meter is calibrated with a B & K pistonphone
sound level calibrator type 4230 which gives a signal of
. +94 dB at 1000 Hz with an accuracy of - 0.25 dB.
The following procedure is adopted:
a) Set meter scale to precision sound level meter.
‘ b) Set attenuator to scale No.lA which is appropriate for
the sensitivity of the condensor microphone B & K 
Type 4144.
c) Fit the instrument with the plug-in input stage and 
B & K microphone type 4144.
d) Turn the meter switch to "Batt.(Rec.)" and check the
condition of the batteries.
56.
e) Set attenuator switch to 100 range, the meter 
switch to fast and weighting network to MC".
f) Place piston phone firmly over the microphone.
g) Adjust the "Gain Adj." potentiometer until the 
meter indicates the correct sound pressure level 
i.e. 94 dB.
A5.2.4 WINDSCREEN - B & K. UA0207
This is designed to fit over Type 4144 microphone. It 
is made os specially prepared porous polyurethane sponge 
which attenuates wind noise and is well suited for common 
outdoor sound measurements.
A5.2.5 PREAMPLIFIER .
The low capacitance of the condenser microphone makes it 
necessary to have a preamplifier with high input impedance 
(10 Mil) and a low output impedance (3^-). This ensures 
negligible loading of the attenuator and that loading by 
weighting networks or external filters does not affect 
the output signal level. The amplification can be varied 
from + 3 to - 10 dB by means of a screwdriver potentiometer 
placed in the feed back loop.
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FIG. A5.1 - THE B & K PRECISION SOUND LEVEL METER 
~~~~ ~  TYPE 2209 WITH WINDSCREEN TYPE UA0207.
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TABLE A5.1
RELATIVE RESPONSES & ASSOCIATED TOLERANCES 
FOR FREE FIELD CONDITIONS
Frequency Curve A Curve B Curve C Tolerance limits
H z d B d B d B d B
1 0 _ 7 0 . 4 _ 3 8 . 2 — 1 4 . 3 3 — QO
1 2 . 5 - 6 3 . 4 - 3 3 . 2 - 1 1 . 2 3 - QO
1 6 - 5 6 . 7 - 2 8 . 5 - 8 . 5 3 - QO
2 0 - 5 0 . 5 - 2 4 . 2 - 6 . 2 3 — 3
2 5 — 4 4 . 7 _ 2 0 . 4 — 4 . 4 2 — 2
3 1 . 5 - 3 9 . 4 - 1 7 . 1 - 3 . 0 1 . 5 - 1 . 5
4 0 - 3 4 . 6 - 1 4 . 2 — 2 . 0 1 . 5 — 1 . 5
5 0 3 0 . 2 _ 1 1 . 6 — 1 . 3 1 . 5 - 1 . 5
6 3 - 2 6 . 2 - 9 . 3 - 0 . 8 1 . 5 - 1 . 5
8 0 - 2 2 . 5 - 7 . 4 ■ - 0 . 5 1 . 5 — 1 . 5
1 0 0 _ 1 9 . 1 _ 5 . 6 — 0 . 3 1 - 1
1 2 5 - 1 6 . 1 - 4 . 2 - 0 . 2 1 - 1
1 6 0 - 1 3 . 4 - 3 . 0 — 0.1 1 1
2 0 0 1 0 . 9 — 2 . 0 0 1 - 1
2 5 0 - 8 . 6 - 1 . 3 0 1 - 1
3 1 5 - 6 . 6 - 0 . 8 0 1 1
4 0 0 4 . 8 — 0 . 5 0 1 - 1
5 0 0 - 3 . 2 - 0 . 3 0 1 — 1
6 3 0 - 1 . 9 - 0.1 0 1 *• 1
8 0 0 0 . 8 0 0 1 - 1
1 000 0 0 0 1 — 1
1  2 5 0 0 . 6 0 0 1 1
1  6 0 0 1.0 0 - 0.1 1 - 1
2  0 0 0 1 . 2 - 0.1 - 0 . 2 1 — 1
2  5 0 0 1 . 3 - 0 . 2 — 0 . 3 1 1
3  1 5 0 1 . 2 — 0 . 4  ' - 0 . 5 1 - 1
4  0 0 0 1.0 - 0 . 7 - 0 . 8 1 — 1
5  0 0 0 0 . 5 - 1 . 2 — 1 . 3 1 . 5 1 . 5
6  3 0 0 0.1 _ 1 . 9 - 2 . 0 1 . 5 - 2
8  0 0 0 — 1 . 1 - 2 . 9 - 3 . 0 1 . 5 — 3
10 000 - 2 . 5 — 4 . 3 — 4.4 2 4
1 2  5 0 0 _ 4 . 3 - 6 . 1 - 6 . 2 3 - 6
1 6  0 0 0 - 6 . 6 - 8 . 4 - 8 . 5 3 — oo
2 0  0 0 0 - 9 . 3 - 1 1 . 1 - 1 1 . 2 3 — oo
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TABLE A5.2
PERMISSIBLE TOLERANCES ON MICROPHONE SENSITIVITY 






Up to - 2 0 0 0 + 0.5 - 0.5
2 0 0 0 4000 + 0.5 - 1
4000 - 8000 + 0.5 - 1.5
8000 — 12500 + 0.5 - 2
i
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A5.3 B & K FILTER SET TYPE 1615
A5.3.1 General
This filter set is primarily designed for analysis of 
sound and vibration signal. It is a band pass filter with 
an effective bandwidth of one third octave or one octave.
It contains the 30 third octave filters of the audio 
frequency range 25 Hz to 20 000 Hz centre frequencies.
It also contains the A, B, C and D frequency weighting 
networks and a linear pass band of 1.8 Hz to 200 000 Hz.
The 1615 filters conform to the following standards:
- AS 1259, Part 2 - 1976
- IEC 225 - 1966
- ANSI SI.11 - 1966
- DIN 45652
The selection of filter or weighting network can be carried 
out either manually or automatically. The input and out­
put of these filters can be connected to an amplifier such 
as B & K amplifier type 2607.
The following is a view of the 1615 front panel and a 
description of some of its characteristics.
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When the manual button is pressed the filter switch 
may be turned freely to any position. If the "remote" 
button is pressed the electromagnetic drive unit is 
switched in. Control pulses supplied by the remote 
control socket operate the filter switch.
(ii) Centre Frequencies
Third octave 25 Hz to 20 KHZ (30 filters)
Octave 31.5 Hz to 16 KHZ(10 filters)





Calibration in its proper sense can not be carried out on 
a filter. However, to ensure that the filter is in a 
proper working order, a calibrating tone may be used e.g. 
the 1000 Hz, 94 dB used to calibrate the sound level 
meter. The tone is recorded, amplified, fed through the 
filter and the output plotted by the level recorder. The 
level recorder should show 94 dB when the filter frequency 
is set at 1000 Hz and zero dB for every other frequency 
setting. This is the procedure used in the thesis.
0 dB - 0.5 dB
0 dB +0.5 dB 
- 1.0 dB
A5.4 B & K MEASURING AMPLIFIER TYPE 2607
A5.4.1 . General
This amplifier is basically a low noise, wide range 
calibrated voltmeter. It conforms to the following 
standards:
- AS 1259, Part 2 - 1976
- DIN Standard 45633 Parts 1 & 2 - 1967
- IEC Recommendation 179
It is capable of an extensive range of sound, vibration 
and voltage measurements for linear as well as logarithmic 
operation including RMS and peak rectifier circuits. A 
display meter on which the range setting is automatically 
shown facilitates the direct calibration of this amplifier 
for sound pressure level. It also contains the frequency 
weighting networks A, B, C and the D network which is 
usually used for jet engine noise measurement.
A5.4.2 Characteristics
(i) Input: "Direct" input or input via "Preamplifier" 
may be chosen.
(ii) REF: Supplies 50 mV, 1 KHZ sine wave signal for 
internal calibration.
(iii) Weighting: For the selection of the weighting networks 
A,B,C or D. In the absence of any selection the 
amplifier has a linear frequency response from 2 Hz
to 200 KHZ.
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FIG, A5.3 - THE B & K MEASURING AMPLIFIER 
’ TYPE 2607
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(iv) Output: Output terminal for AC or DC recording
(v) AC/DC: Selects AC or DC output for recording
(vi) Amplifier Response
HhFrequency range 2Hz to 200 KHz - 0.5dB
10Hz to 50 KHz - 0.2dB
(vii) Attenuator Range
Total Range 0 to 150 dB in 10 dB steps.
A5.4.3 Calibration
This amplifier can be easily calibrated with the aid of 
a 50 mV, 1000 Hz sinusoidal reference signal from the built 
in oscillator. The "REF. 50 mV RMS" button is pushed in.
The needle should move exactly to the reference position 
on the dial which is located on the front face of the 
amplifier. If the needle deviates from this position, 
adjustments can be made by turning the "SEN" screw until 
the desired accuracy is achieved.
A5.5 B & K GRAPHIC LEVEL RECORDER TYPE 2307
A5.5.1 General *
This recorder is a precision instrument which can accurately 
record the average, RMS or peak level of an AC signal in the 
frequency range 2 Hz to 200 KHz. Recordings can be made on 
special paper as functions of either time or frequency. It 
should be made clear that, unlike other noise related 
instruments, there is no set standards to which the graphic 
level recorders are designed. Each unit has its own 
specifications and characteristics. It is a matter of
finding the one which has•the answer to your particular needs.
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FIG. A5.4 THE B & K GRAPHIC LEVEL RECORDER 
~~ TYPE 2307
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The recorder has six dynamic ranges, 2 linear and four 
logarithmic. The graph paper can be driven at 15 
different speeds by a reversible synchronous motor which 
has extremely short drive and stop times. This unit is 
also equipped with a warning light which indicates unstable 
combinations of writing speed and lower limiting fequency 
and the necessary remedial action. •
A5.6 THE NAGRA IV-SJ TAPE RECORDER
A5.6 .1 General
This instrument has two functions:
- A precision sound level meter
- A precision tape recorder for scientific analysis.
It is a precision sound level meter when a measurement 
microphone is connected. The sound pressure measurements 
are taken in relation to the 0 dB reference level, which 
corresponds to a pressure of 2 0 yUN/m^ or 2 0  jm pa.
"The sound level measured is shown on a dual galvanometer,
with one needle per channel. Its measuring circuit
determines the average value of the signal on average and
its peak value on peak, with different dynamic characteristics
in relation to the integration time. On average fast
integration time is 200 ms. A signal at 1 KHz of 200 ms
duration gives a reading 1 dB lower than that which would
correspond to the steady state signal. On average slow,
integration time is 500 ms and a signal lasting 500 ms gives
a reading 4 dB below that which would correspond to the 
(15)steady signal".
68.
These two integration times conform to the following 
standards:
- IEC Recommendation 179
- AS 1259, Part 2 - 1976.
When signal recording is necessary for detailed analysis 
in the laboratory, the signals can be recorded on magnetic 
tape using the 3 tracks. Two tracks are used for direct 
recording and the third track can record FM signals for 
synchronisation.
Another important feature of the Nagra IV is frequency 
transposition. This is achieved by using playback speed 
faster than recording speed, e.g. a 5 Hz signal recorded 
at 1.5 IPS will have a frequency of 50 Hz if it is played 
back at 15 IPS hence making it easier and faster to analyse 
by conventional equipment. On the other hand, a signal which 
varies rapidly may' be recorded and played back slower hence 
allowing a more detailed study of this signal.
A5.6.2 Characteristics
- 4 speeds 15, lh, 3% and 1% IPS
- Unbalanced line input, impedance 100
10 mV for MPL (max. peak value) .
- Line output at MPL, 1 V into 10 KJl
- Loud speaker amplifier 1 W.
- Performance obtained by recording:
Frequency response, 20 dB below MPL.
15 IPS 25 Hz - 35 KHz - 1.0 dB
FIG.A5.5 THE NAGRA IV SJ PRECISION TAPE RECORDER
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ih IPS 25 Hz - 20 KHz - 1.0 dB
3% IPS 25 Hz - 10 KHz - 1.5 db
lh IPS 25 Hz - 3.5 KHz - 1.5 dB
A5.6.3 Calibration
Since for the purpose of this thesis both the B & K sound 
level meter type 2209 and the Nagra IV recorder are 
coupled together , it is obvious that the calibration of 
the two instruments should be carried out simultaneously.
A pure tone 1000 Hz, 94 dB is transmitted by the piston- 
phone calibrator ( B & K type 4230). The signal is picked 
up by the microphone of the sound level meter and trans­
mitted to the two units at the same time. The adjusting 
screw provided on the recorder panel is then manipulated 
until the 94 dB is displayed on the dial of the recorder.
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a p p e n d i x VI
GRAPHICAL RESULTS OF FREQUENCY ANALYSES 
A6.0 General
The following set of graphs represent the frequency analyses 
results of the various sections investigated. It should be 
noted that these graphs are plotted using the Linear Scale. 
Table A6.1 was used to convert the results to the A-weighted 
scale before the dominant frequency was obtained. Only the 
sound pressure level of the dominant frequency was noted in 
each case e.g.
Dominant frequency recorded - 
fD = 1000 Hz
Corresponding sound pressure level -
95 dBA
LINEAR TO A-WEIGHTED SCALE CORRECTION
TABLE A6.1








1 0 0 - 19.1
125 - 16.1
160 - 13.4
2 0 0 - 10.9
250 - 8 . 6




800 - 0 . 8
1 0 0 0 0 . 0
1250 + 0 . 6
1600 + 1 . 0
2 0 0 0 + 1 . 2
2500 + 1.3
3150 ^ + 1 . 2
4000 ' + 1 . 0
5000 + 0 . 6
6300 ; - 0 . 1
8000 ' - 1 . 1
1 0 0 0 0 - 2.5
12500 - 4.3
16000 ‘ - 6 . 6
2 0 0 0 0 - 9.3
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A6.1 BLOOM MILL FLOOR
DOMINANT FREQUENCIES RECORDED
f d = 1000 Hz
£d -1
oooCM11 Hz
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A6.2 BLOOM MILL CRIB ROOMS AREA
DOMINANT FREQUENCY RECORDED
fd = 500 Hz
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A6.3 BOILERMAKERS’ WORK AREA
DOMINANT FREQUENCY RECORDED
fd = 500 Hz






































A6.4 BILLET MILL MOTOR ROOM
DOMINANT FREQUENCY RECORDED
f = 2000 Hz





















8000 Hz 16000 Hz
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A6.5 SCARFING AREA(SLAB YARD)
RECORDED DOMINANT FREQUENCY
f , = 8000 Hza





























A6.6 GALLOWAY ENGINE EXHAUST
DOMINANT FREQUENCY RECORDED
fd = 1000 Hz
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A 6 .7 GALLOWAY ENGINE
BREAK D O M  STAND AREA
DOMINANT FREQUENCY RECORDED
f , = 500 Hza
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A 6 . 8 HOT SAW
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DOMINANT FREQUENCY RECORDED
f , = 4000 Hzd

















A6. 9 RAIL STRAIGHTENING MACHINE
(RAIL BANK)
DOMINANT FREQUENCY RECORDED 
fd = 1000 Hz

















f , = 2000 Hzd
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A 6 .ll CHIPPING BEDS
113.
SOLID ROUND BARS (RAIL BANK) 
DOMINANT FREQUENCY RECORDED
f  J = 4000 Hz d


























The following Tables show the results of the 
audiometrie tests carried out on the various employees. 
Each Table contains a group of persons who work under 
exactly the same conditions, hence subject to the same 
type of noise and the same exposure time. The age, 
length of service and percentage hearing loss of both 
the left and right ears are also listed.
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51 13 7.1 12.9
30 7 0 . 1 0 . 0
35 14 0.9 0 . 8
57 23 8 . 2 6
44 1 2 9 27
55 39 2 1 2 0
50 16 28 32
49 2 0 43 36










38 2 0.7 0
40 7 13.2 3.5
43 3 55.2 42.8
46 7 2 . 2 4.5
30 5 0.4 0
41 Uh 1.0 1.3
54 1 2 0 0
39 9 4.6 3.6
24 4 2.4 2.4
25 5 0 0
30 9 1 . 8 1.9
33 4 0 0











64 25 44 42
45 25 19 17
58 20 1 2
52 16 5 44
52 24 19 2 1
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51 29 1 0 . 8
29 4 0.9 0
35 8 1.5 1 . 2
32 4 1 0.9
39 2 1 2 . 1 1 . 1
23 6 .5 .3
48 6 0.9 0 . 8
26 7 1 . 0 . 8
50 2k 0 . 8 0 . 8
50 17 1.3 1 . 2
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30 8 1 . 0 0.9
37 13 0.9 1 . 0
52 16 0.9 1 . 6
36 4 4.2 31.2
41 9 72.1 0 . 0
33 8 1.4 1.7
43 9% 12.9 8 . 2
42 1 . 6 1 . 0
51 23 29.4 31.8
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38 13 2 . 8 2.7
27 85$ 2.3 2 . 2
42 6 1.4 0 . 8
58 15 43.8 59.5
25 6 0 1 1
* 45 1 2 1 1 19
28 3 16 28.5
28 6 2.5 0 . 2
27 2 h 0 0
* Original test carried out on this employee showed:
67.9% and 72% hearing loss. However, a second test 
carried out a month later after the employee has 
been rostered off 4 days, showed the above results i.e 
1 1 % and 19% respectively.
These results clearly show the extent of temporary hearing 












44 Ik 1 . 8 2 . 2
36 8 1 . 6 1 . 6
47 13 5.1 0 . 2
33 8 1 ,9 1 . 2
38 1 1 1 . 8 1 . 0
32 13 22.4 38.8
54 2 0 61 62
32 2 2.4 0.7
57 9 1 . 6 1.9
50 1 0  . 2 . 0 1.9
26 4 17 0.9
2 2 1 2 0 . 8 0.4
26 4 0.7 0 . 0
33 1 1 43.3 18.8
41 13 34.3 14.1
39 1 1 1 1 14.4
25 lk 1 . 2 0 . 6
38 4 20.5 19.3
36 8 21.3 19.1
52 1 2 29.4 26
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38 —! .oV 22.7 15.3
35 1 1 0 . 0 0 . 0
63 8 61.3 61.3
31 1 2 1.5 1.3
62 38 21.7 16
58 5 28.2 2 2 . 8
51 26 29.4 2 0
47 2 0 36 16
53 16 0.5 0 . 1
51 17 4.1 14.1
45 15 14.1 22.4
48 1 0 48.2 43.5
59 23 29 32
2 1 3 0.7 0 . 0











39 23 13.3 10.5
26 7 1.7 1.9
48 1 2 2 . 8 0.4
61 38 9.4 1 0 . 6
36 1 9.5 5.2
60 13 1 . 8 2 . 0
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APPENDIX VIII
A8.1 CONSISTENCY OF THE RESULTS OF SOUND
MEASUREMENTS AND FREQUENCY ANALYSIS
The aim of this test, which was carried out at random during 
the plant survey, is to check the consistency of the results 
obtained with the equipment used. This was done by recording 
two segments of the noise generated near 35-37 soaking pit fans. 
The second recording was carried out nearly 24 hours after the 
first one. The overall sound pressure level indicated by the 
sound level meter and the tape recorder was noted. A full 
frequency analysis was then carried out and the overall sound 
pressure level indicated by the sound level meter and the tape 
recorder was noted. A full frequency analysis was then carried 
out and the overall sound pressure level was plotted using the 
procedure adopted in the thesis.
These fans were chosen because the effect of background noise 
is minimum in this location.
The following set of graphs clearly indicates that the consistency 
of the results is excellent although some minor differences exist 
due to some background noise interference.
Note: The following graphs show the sound pressure level (dB)
measured on the linear scale versus txme. The paper 
speed is 3mm/sec.
On each page the top graph belongs to the first 
test, the bottom graph to the second test.
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